Little has been reported on the serological relationship of halophilic bdellovibrios (Bd). Immunodiffusion analysis performed with rabbit or mouse Bd antisera developed against eight halophilic Bd isolates and one terrestrial Bd isolate, when reacted with soluble antigen preparations of 45 isolates of halophilic Bd, allowed separation into seven serogroups, which were distinct from the terrestrial isolate. Soluble antigen preparations of prey bacteria, Vibrio parahaemolyticus P-5 (P-5) and Escherichia coli ML 35 (ML 35), exhibited no reactivity with the antisera by immunodiffusion. Immunoelectrophoresis revealed the presence of three distinct antigens in homologous reactions and one shared antigen in heterologous Bd reactions. Shared antigens were noted between halophilic and terrestrial Bd, in addition to between halophilic Bd strains, indicating the possible existence of an antigen(s) which may be shared among all Bd. Again, no shared antigen was noted when P-5 or ML 35 was allowed by immunoelectrophoresis to react with the antisera. Prey susceptibility testing of the seven distinct groups of halophilic Bd, using 20 test prey, produced essentially identical spectra for each group, indicating that this was not a useful technique in delineating the Bd. While immunoelectrophoresis was able to demonstrate an antigen common to all Bd tested, immunodiffusion was able to delineate strains on the basis of a "serogroup specific" antigen. This suggests that immunological tools may serve as important means to study the taxonomy of halophilic Bd, as well as in the formation of a clearer taxonomic picture of the genus Bdellovibrio.
The genus Bdellovibrio consists of a group of diverse gram-negative, bacteriolytic organisms which prey on various gram-negative bacteria (18) . The use of predation and a common life cycle as primary criteria to classify unknown organisms as Bdellovibrio has resulted in a very heterogeneous group of organisms.
On the basis of a requirement for sodium chloride, members of the genus Bdellovibrio have been divided into two groups: halophilic, or salt requiring; and terrestrial (nonhalophilic) members which have no salt requirement. Other methods which have been used to characterize these groups further include guanine-plus-cytosine content (11, 14, 15) , prey susceptibility and optimum salinity or temperature requirements (7, 16) , DNA ribosomal binding sites, enzyme migration patterns and levels of protease activity (14) , and susceptibility to bacteriophage lysis (1) . Either these methods are not suitable for routine use in most laboratories, have not been standardized, or are not adaptable to standardization, or they do not allow a routine convenient method for distinguishing between subgroups. Biochemical tests are not reliable since it may be difficult to distinguish between reactions caused by contaminating prey metabolic enzymes and reactions of bdellovibrios (Bd). Little is known of the nutritional and metabolic characteristics of the Bd, and these characteristics are not useful taxonomically (10) . The result has been little or no progress in defining subgroups of Bd and little upon which to base taxonomic status and appropriate classification.
Immunological characterization has been widely accepted as useful in determining relationships among groups of bacteria and may be an important tool in helping to better * Corresponding author.
define the subgroups of the Bd. Immunological studies involving the terrestrial Bd have resulted in several serologically distinct subgroups which may share a common antigen (2, 5, 10) . Because little is known regarding the number of different halophilic subgroups of Bd, and no immunologic characterization of the halophilic Bd has ever been reported in the literature, a study of the serological relationships among various halophilic strains of Bd was undertaken. Subgroups based on the results of this immunologic study and the methods developed herein may begin to contribute to the taxonomy, classification, ability to study and monitor Bd in the environment, and, ultimately, the formation of a more unified concept of the genus Bdellovibrio.
MATERIALS AND METHODS Sources of Bd. Halophilic Bd were isolated from different areas of the Chesapeake Bay and some of its subestuaries, a Chesapeake Bay tidal pond, tank 20 at the National Aquarium in Baltimore, Md., and the Atlantic Ocean. Water and sediment were sampled as described previously (19) and cultured for halophilic Bd, using Pp2O medium and the double-agar overlay technique, with Vibrio parahaemolyticus as prey (12, (19) (20) (21) . The fouled biomass of oyster shells was cultured for halophilic Bd. Oysters were collected by dredging at various sites. The oyster shell epifauna was scraped from viable oysters with an alcohol-flamed spatula and removed into 50-ml centrifuge tubes containing 20 ml of sterile seawater until the biomass displaced 5 ml. The washed, pelleted Bd were resuspended in sterile PBS at a concentration of 109 cells per ml as determined by the acridine orange direct count method (3). Suspensions of Bd were then divided in half. Half of each suspension (wholecell preparation) was frozen in 1-ml volumes at -20°C until needed. The other half of each suspension was placed through a model B Carver Laboratory Press (Fred S. Carver, Inc., Summit, N.J.) and is referred to as the soluble antigen preparation (SAP). The protein content of the SAP was determined by the method of Lowry et al. (6) , and the preparation was frozen in 1-ml volumes at -20°C until needed.
Preparation of rabbit antisera to Bd. Rabbit antisera were prepared by using whole-cell preparations of halophilic strains SJ, 845, PD1, and AQ and terrestrial strain W. Female New Zealand White rabbits, weighing 3 to 4 kg, were immunized. Before immunization, each of the rabbits was bled via the marginal ear vein to obtain nonimmune serum. Each was injected subcutaneously in multiple sites (0.25 ml per site) with a 1-ml emulsion containing 0.5 ml of Freund complete adjuvant (Difco Laboratories, Detroit, Mich.) and 0.5 ml of the whole-cell preparation. These injections were followed by six intravenous injections given at weekly intervals. After 8 weeks, all rabbits were bled via the central ear artery, using an I.V. Catheter Placement Unit (Critikon, Inc., Tampa, Fla.). The blood was kept at room temperature for 2 h and then overnight at 4°C. The sera were separated from the clot by centrifugation at 800 x g for 20 min.
Preparation of mouse antisera. Mouse antisera to Bd were prepared from whole-cell preparations of halophilic strains JS2, JS4, JS5, and JS6. These strains were all isolated from different areas of the Chesapeake Bay. For each strain, six Swiss-Webster mice were immunized. Each was immunized intraperitoneally with four 0.5-ml injections of whole-cell preparations, given at weekly intervals. After 5 weeks, all mice were bled via decapitation. Six nonimmunized mice were also decapitated to obtain nonimmune serum. The sera were separated and collected as for the rabbit antisera.
Adsorption of antisera to Bd with prey. The rabbit antisera were each adsorbed with a 5% (packed cell volume/total volume) whole-cell suspension of the corresponding prey (V. parahaemolyticus for antihalophilic strain sera, E. coli for the antiterrestrial serum). To pelleted prey cells was added 1 ml of each antiserum, and after mixing and incubation at 37°C for 30 min, the suspension was centrifuged at 12,800 x g for 10 min in an Eppendorf 5412 centrifuge (Eppendorf, Hamburg, Germany) and the supernatant fluid was removed. The supernatant fluid was then similarly adsorbed five more times with prey cells with the exception that the last adsorption procedure was at 37°C for 30 min and was followed by incubation overnight at 4°C prior to centrifugation of the suspension. The adsorbed antisera were used in all serological studies.
Immunodiffusion (ID). Double diffusion in agar was performed by the method of Ouchterlony (9) . Agarose gels (1%) were prepared on glass slides (4 ml per slide), and 2-mmdiameter wells were punched in the agarose with a Gelman Immunodiffusion Punch (Gelman Instrument Co., Ann Arbor, Mich.) to a depth of 2 mm and a center-to-center distance of 4 Lines of precipitation in proximity to the antigen wells were only observed when antisera to Bd were reacted with their homologous SAP (Fig. 1) . No band of precipitation was observed when nonimmune sera were reacted with homologous or heterologous SAP. These results revealed that at least four serogroups of halophilic Bd were present, which were distinct, by ID, from each other and from terrestrial isolate W.
It was then of interest to know whether these four serogroups constituted a majority or a minority of those actually in existence or whether serogroups were geographically distributed. To examine this, 10 isolates of Bd were obtained from each of the ecosystems from which the four serogroups were isolated: the Atlantic Ocean, the Chesapeake Bay, a bay tidal pond, and tank 20 at the National Aquarium in Baltimore, Md. SAP of these 40 isolates were then screened by ID, using the five rabbit antisera. None of the isolates obtained from the Atlantic Ocean, the Chesapeake Bay, or the tidal pond reacted with any of the five rabbit halophilic (Fig. 2) among the aquarium isolates. Mouse antisera to Bd were then raised against four of the bay isolates which had tested negative against rabbit antisera: JS2, JS4, JS5, and JS6. This was done to further clarify the question of the possible number of halophilic serogroups of Bd which may exist within a particular ecosystem and whether this information can be of value in the classification of the predators. Precipitation lines similar to those already observed were noted when homologous antigen and antisera were reacted by ID. No line of precipitation was observed with nonimmune sera. Reaction of the four mouse antisera with heterologous antigen preparations of bay isolates demonstrated lines of identity when anti-JS2 serum was reacted with JS6 and, conversely, when anti-JS6 serum was reacted with JS2. No other heterologous antisera reacted with bay isolates (Table 2) . No lines of precipitation formed when the four mouse antisera were allowed to react with ocean, pond, and aquarium isolates. ID utilizing rabbit and mouse antisera has, therefore, demonstrated at least seven serotypes of halophilic Bd.
IE. IE was performed on the five strains of Bd which had previously been used to immunize rabbits. This was done in an effort to separate antigens of the Bd and to observe antigens common to various strains of the predator. All combinations of antisera and SAP were tested.
Homologous reactions revealed the presence of two to three electrophoretically distinct antigen bands (Fig. 3 and  4) . Heterologous reactions showed at least one antigen common to all strains tested. No common antigens were observed in P-5 or ML 35. Cross-reactivity was demonstrated between halophilic isolates (Fig. 3) , as well as between halophilic isolates and terrestrial isolate W (Fig. 4) .
Prey range of serologically distinct isolates of Bd. The prey range spectra of seven serologically distinct groups of Bd, using 20 this might be a useful technique in delineating strains of the predator. Prey range spectra of the eight isolates of Bd were essentially identical. Of the 20 bacteria tested, only Alcaligenes sp. did not serve as prey for the eight halophilic Bd tested. JS5 was the only isolate able to prey on S. arizoniae. DISCUSSION The present classification scheme utilized for Bd does not take into consideration immunological similarities and/or differences which may exist in these organisms and has resulted in a very heterogeneous assemblage of organisms. Immunological characterization has been widely accepted as useful in determining relationships among groups of bacteria. Immunological parameters alone, or in combination with other techniques, may be useful tools in the taxonomy of halophilic Bd. Nonhalophilic Bd have been separated into several serologically distinct subgroups which may share a common antigen (2, 5, 10) . Little is known regarding the number of different halophilic subgroups of Bd.
Forty-five antigen preparations of Bd were screened, using rabbit antisera prepared to five halophilic isolates. All five of the antisera represented individual serogroups of Bd. None of the antisera reacted with any antigen preparations of Bd: 10 from the Atlantic Ocean, 10 from the Chesapeake Bay, and 10 from a bay tidal pond. However, all 10 antigen preparations of Bd from tank 20 at the National Aquarium in Baltimore cross-reacted with anti-AQ, developed from an isolate of that tank. Because of the lower than expected amount of cross-reactivity, mouse antisera were developed against four additional Chesapeake Bay isolates of Bd. Cross-reactivity was noted between just two isolates.
Results of ID indicated that at least seven serologically distinct groups of halophilic Bd can be delineated. Because the majority of antigen preparations of the 45 collected Bd isolates failed to react with any of the eight antihalophilic or one antiterrestrial sera, we can only conclude that there may exist many more serogroups which await characterization. These results indicated, however, that ID may be a quick and reliable method to group these predators serologically. The serologic heterogeneity of the halophilic Bd is manifest by these findings. This is consistent with findings that there may exist several serologic groups of nonhalopililic Bd (4, 10) and that one nonhalophilic species alone (B. bacteriovorus) may contain as many as nine distinct serogroups. Of special interest was the finding that all 10 
